The problem of two-dimensional magnetic field during the calculation in electromechanical systems comprising a ferromagnetic body with nonlinear magnetic characteristics is described. New geometric patterns in the form of block finite and infinite elements of arbitrary shape are proposed to be used in the simulation of magnetic field in a piecewise homogeneous medium electromechanical systems, in which an error can be controlled to perform the linearization of the material characteristics of ferromagnets. Two scalar potentials are used to find the field. Potentials form a complex magnetic potential, which is defined on the boundaries of block elements. Cauchy's integral formula is used for the purpose. The system of algebraic equations for the nodal values of the potentials on the boundaries is solved using the software developed by minimizing the functional errors. The results of the simulation of the magnetic field of the induction motor with a complicated geometry of magnetic systems are shown. The proposed method allows simplifying and improving the accuracy of calculation of the magnetic field in the design of electromechanical systems containing moving ferromagnetic elements.
Introduction
The calculating problem of the magnetic field in a non-linear ferromagnetic environment occurs at the design stage of electromechanical system development. It connected with a mathematical model which have the aim to select design parameters, providing required technical and economic indicators [1] . The main issue here is that the systems contains movable elements. The movement leads to dynamic changes in the geometry of the computational area as well as the spatial distribution of the field in the ferromagnetic domains and modes of local magnetization reversal. The usage of the finite element method for magnetic field calculation requires to specify initial data for the triangulation of a calculation with each change of design parameters, but also with every position change the of the magnetic systems [2] . Such a process considered to be extremely time consuming. It motivates us to develop new methods for the calculation of a physical field in a technical system with dynamically changing geometry and modify existing ones [3] . The article is dedicated to the solution of this problem.
Formulation of the calculating problem
Let calculation of the magnetic field in the plane xOy must be done in a piecewise-homogeneous bounded or unbounded area , which contains ferromagnetic bodies k boundaries k , as well as an area 0 not filled with a steel (Fig. 1) , . 
The following conditions are met at the separating boundary
Let us assume a distribution of induction and (or) intensity vectors are defined on the outer boundary 02 01 0 if the area 0 is limited:
The field
is supposed to be determined at the previous layer
. So it needs to be calculated at the next layer
are the solutions of the equations (1) and (2) . Increment vectors
, , 1 and 1 are small while so is t . They satisfy the following system of equations: Similarly, we obtain for the area q s with boundary q l :
The number of the equations exceeds the number of variables in the system. Special software is developed for this purpose. The linearization of the material equation has to be done at the next layer
, when solution for the previous layer is known and average values of induction q B are set in the each area q S , p q , 1 .
The average value of induction y x B , on the boundary k of element q s is taken as q B .
The example of the method of block elements application
The described method was used to calculate the magnetic field of electric traction motor (Fig. 2) . The calculation was performed in the idle mode when the current in the rotor winding can be considered as zero. The field distribution was based on the nonlinear characteristics of the magnetic system of the rotor and stator at the time when the current in the phase winding C is maximal ( 
Conclusion
This method of block elements is particularly effective when multiple calculations of the magnetic field of electromechanical systems have to be performed at the stage of their design. The block elements, covering an area filled with ferromagnetic bodies, retain their configuration. The movement is taken into account by simply changing the coordinates of the nodes lying on the boundaries of the block elements in a vacuum.
The application of two potentials simplifies the solution and increases the accuracy of finding the integral characteristics of electromechanical systems: magnetic fluxes, inductances, forces. The latter is achieved due to the fact that these characteristics are the result of a differentiation potential in the direction tangent to the boundaries of the ferromagnetic bodies.
The described method can be developed in the three-dimensional case if canonical shapes (ball, a box, etc.) is used the block elements. These shapes has to have an analytic representation of the solution for a given change in the potential on the boundary. The solution of the problem is reduced to solving the system of equations in this case. It follows from the boundary conditions, written in an approximate or weak forms.
